Phy 101
Chapter 12



Qle.
A solid copper sphere has a radius of 85.5 cm. How much stress should be applied to the

sphere to reduce the radius to 85.0 cm? The bulk modulus of copper is 1.4x10'! N/m?.

A) 2.4x10° N/m>

B) 4.7x10° N/m? Solution:

C) 3.6x10° N/m? F AV 1 85.5% — 85°? . .
- = =14x10 —_—_— = 2. N /m*

D) 5_8X109 N/m2 A '['_r 85_53 44 % 10 V/m

E) 6.6x10° N/m>

191, Final, Q16
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Q24

A force / of magmtude 15 N, shown in the Figure 13, keeps the hanging block of mass M

and massless pulleys i equilibrium. What 1s the mass A\

A) 46 kg
B) 2.2 kg
C) 5.2 kg
D) 58 kg
E) 62kg

Solution:

3F
To+T:=Mg = F+2F=Mg :Mz?

=46 kg

191, Final, Q24

Q25.

Figure 14 shows a box (M = 430 kg) hanging by a rope from a boom that consists of a
uniform hinged beam (= = 85 kg) and a horizontal cable of negligible mass. The system 1s 1n

equilibrium. What 1s the tension in the cable?

a=1.9m

A) 6100 N
B) 6700 N
C) 7600 N
D) 8000 N
E) 8400 N

|

b=25m

Cable

<~ Beam com

Rope

M

Box

T =

mo (3

Solution: Take the torque about the point O
b
T=0=Ta—mg (E] —Mgb

]+Mgb

= 6093 N

71

Prepared by Abul Lais/Dr M.A. Gondal

191, Final, Q25




Q14.
A 10-m long uniform rod (AC) of weight 400 N is hinged to a wall at A. It is supporting

an 800-N block as shown in Figure 4. Find the magnitude of the hinge force.

Figure 4
A) 1.42x10°N
B) 3.50x10°N /2 6.0 m C
C) 4.50x10°N _
D) 5.06x103 N Axis of
E) 2.31x10°N rotation
AF'IS
W + 800 = F,
F, = 1200 N
—400x3—-800x6+F,8=0 A
6000
Fp,=——=750N
8
F= |F2+FF = «\frlf:',[][]2 + 7502 = 1.42 x 10°N
182, Final, Q14
Q15.
Ficure 5 show forces applied to a wheel that weighs 20 N. The symbol [}/ stands for
the weight. In which diagram(s) is(are) the wheel in static equilibrium?
Figure 5
S S 10N 10N 1N
10N 10N t
P |
T OMIOMEG)
B) A EARTIETIS. : .
Cj B W W L 1
D) Cand A i B ¢ b
E) D
Ans:
A 182, Final, Q15
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Q16.
Figure b shows a uniform block which is held in a horizontal position by two vertical
steel rods at its ends. Each of the rods has length, L = 1.0 m, cross sectional area of
1.0x107° m? and young’s modulus of 2.0x10* N/m?. If the increase in the length of any
one of the rods is 2.5%x10 ®m, find the mass of the block.

Figure 6
A) 100 kg
B) 150 kg
C) 200 kg
D) 250 kg 2 3
E) 300 kg o B 3
) 300 kg 3 3
Ans: M
mg = 2T block
n l
r=22
T
v a mglL
AL~ 24AL
L
2YAAL
m= = 100 kg

gl .
182, Final, Q16
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Q2.

Ans:

A 30.0 kg hammer strikes, a steel nail 2.30 cm in diameter, vertically downward. During
the strike, which lasted for 0.110 s, the magnitude of the change in momentum of the
hammer was 900 kg.m/s. What is the average strain in the nail during the impact?
(Young modulus E of steel = 20.0x10'° N/m?)

A) 9.85x10°
B) 8.81x10°
C) 7.22x10°
D) 6.65x10°
E) 5.11x10°

Change in momentum _ 900

time = oar ol

Force F =

Jva. Strai _ Stress  F/mr* 8182 /m(0.0115)”
V- oA = = 20 % 1010 20 x 1010

Avg.Strain = 9.846 X 10~° 181, Final, Q2 |

Q3.

Ans:

TPt Y ARt AT S DT IV AR oot

A mass M = 5.0 kg , supported by two massless strings with tensions Ty and T, as
shown in Figure 2, 1s hanging vertically. The system 1s in equilibrium. The angles of
strings are 0, = 70° and 6, = 30°. What are the tensions T; and T, in the strings
respectively? .

P ’ Figure 2
A) 66 N; 26 N
B) 63 N:21 N
C) 67N; 26N R
D) 68 N: 28 N ) A\

________________

E) 70N; 16 N ST

Z F, = T,cos8, —T,cos6, =0

T. —TCOS70—03C3rT
27 15530 00

ZF" =T,sin8, — T,sinB, — Mg = 0

sin6, Mg sin30 5x9.8
- — - =0.395T; X — + —
sinf, sin6, sin70  sin70

Tl = TZ

T,=021T,+5214 =T, =66 N

T, = 0.395 x T, = 26.07 N 181, Final, Q3




Q4.

Ans:

One end of a uniform 4.0 m long rod of 10 kg mass is supported by a cable at an angle
of 6 =37° with the rod. The other end of the rod rests against the wall, where it is
held by friction as shown in Figure 3. The coefficient of static friction between the wall
and the rod is ps= 0.50. Determine the minimum distance x from point A at which an
additional mass m = 5.0 kg can be hung without causing the rod to slip at point A

A)32m Figure 3
B) 24m
C) 29m
D) 45m
E) 59m

Rough
Surface

A B

- X .-

E. =0 = n =Tcosf =Tcos37 =0.798T \)"’

ZFy =0 = f,+Tsind =(m+ M)g

A
fs = pusn TSin®
y
0.5x0.798T + Tsin37 = (5 + 10) X 9.8 ‘
T =147N g L2 X
n )
Taking torque about A @(X\ \! = TCosO
v Mg
_ L mg N
TsinOL — MgE —xmg=20
2Tsinf — 2Mg 5%
x p— — . m .
mg 181, Final, Q4
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Ql4.

A uniform horizontal beam of weight Wis supported by a hinge and a cable, as shown

in Figure 2. The vertical component of the force by the hinge on the beam 1s:

Figure 2

A) W2, up
B) W down
C) Wup

D) W2, down
E) zero

Ans: 173, Final, Q14

Z To=0: hinge — s
AN

—W§+ T - ksin60° =0

AMSLALLRALRRRRRNAY

A
N w L 60
=T = c— o?
2 sin60° ‘F,
Vv
Z@ =0: Tsin60°—-W+FE, =0 A\
F, =W —Tsin60° =W ( ad ’60) W(+)
= =W —Tsin60° =W — | ———= sin60° | = — =1
y ’ 2 5in60° 2 P
Ql5.
Figure 3 shows a uniform horizontal beam (length 10.0 m. mass 25.0 kg) that 1s pivoted
at the wall, with 1ts far end supported by a cable that makes an angle of 60.0° with the
horizontal. If a person. of mass 60.0 kg. stands 4.00 m from the pivot. what 1s the tension
in the cable?
Figure 3
A) 413N
C) 830N
D) 446 N
E) 390N
Ans:

Z T, =0 pivot = |]

(=X)(4) = (W)(5) + (T)(10) sin60° = 0

Oe \\/
. 4X + 5W [(4 x 60) + (5% 25)] x9.8
=T= - = - X A\
10+ sin 60° 10 x sin 60°

=413 N 173, Final, Q15
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Q16.

A cylindrical wire stretches 1.0 cm when a force 1s applied to 1t (perpendicular to its
cross section). The same force 1s applied to another cylindrical wire of the same material
but that has twice the radms and twice the length of the first wire. The second wire
stretches by:

A) 0.50 cm
B) 0.25cm
C) 1.0 cm
D) 20 cm
E) 40 cm
Ans:
. F Al , D\*  mD?
1stWire: —=E-— JA=mr=m (—) = —
A l 2 4
po E-Al-d? '
— —*
2l (1)
-E - AL - D?
2nd Wire : F = H = (2)
4L
Divide (2) by (1) 1—\F('”'E{"E"I"ErE hi
wide (2) by (1= W E Al d?
AL D\* 1 LA 2d\* 1
- Al (d) L= TN (d) 21
1 aL 4 . Al = 2AL = AL at_1
= — X el = = = — = —
Al 2 2 2"
173, Final, Q16
Q17.
Two particles, of masses m and 2m are fixed in place on the xaxis, as shown in Fipure
4 The net pravitational force, due to these two particles, on a third particle will possibly
be zero when this particle 1s at point:
. Figure 4
A) E !
B) C x C
C) D B E ! D A
D) A —% & X : * & *—
E) B m ! 2m
Ans: E

The point of equilibrium has to be on the x-axis between the two particles closer to the
lighter one = Pomnt E

Prepared by Abul Lais/Dr M.A. Gondal

173, Final, Q17




Q12.

The system in Figure 3 1s in static equilibrium, with the string in the center exactly
horizontal. Block A weighs 35 N, block B weighs 45 N, and angle ¢ is 35°. Find the

magnitude of the tension (T3) in the horizontal section of the string.

Figure 3

A) 25N

B) 30N

C) 15N

D) 10N

E) 35N

Ans:
Tysing T,
T,cos¢ 35
T, = 35tang = 35 X tan35° = 25 N
172, Final, Q12 I
Q13.
In Figure 4. a vertical rod 1s hinged at its lower end and attached to a cable at its upper
end. A constant horizontal force ( F ) 1s to be applied to the rod as shown. Assuming
the rod remains in its vertical position. if the point at which the force is applied 1s moved
up the rod. the tension in the cable: Figure 4
. Tcost =F,

A) increases €os “

B) decreases

C) remains constant

D) first increases then decreases .

E) first decreases then increases

fﬂ\ ns.

Tcost = F,
rF, = Tcos6L

If r goes up 1t has to be balanced by T as 8, L and F, are constantJ 172, Final, Q13 I
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Q14.

Figure 5 shows the stress—strain curve for a material. What 1s the Young’s modulus of

the material?

Figure 5
A) 1.5x 10" N/m? -
4wt = 600
B) 6.0x 10° N/m =
C) 1.5x 10° N/m? Z a0l
D) 2.4x 10" N/m? =
E) 2.4x 10° N/m? 2 200~
Ans: :f; 0
0 0002 0.004
_ Stress Strain
Strain
600 x 108 —0
~ 0.004-0
Y =15 x 10** N/m?
172, Final, Q14
Q15.
Figure 6 shows a uniform beam hinged to a wall and it 1s supported by a wire. Suppose
the length L of the beam 1s 3.00 m and its weight 1s 200 N. A block of weight 300 N 1s
placed on the beam at distance » from the wall. If the wire can withstand a maximum
tension of 500 N what is the maximum possible distance » before the wire breaks?
.-"!'L} 1.5[} 1 Figure 6
B) 2.00m
C) 2.50m
D) 3.00 m s
E) 3.50m A Tsn30
A ns.
| L
Tsin30°L = 300x + ZDDE n B
1 3 Bearr
300x =500 x—x3—200x—
2 2
x=25-1=15m 172, Final, Q15
300 200
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Q13.

In Figure 4. one end of a uniform beam of weight 222 N is hinged to a wall: the other
end is supported by a wire of negligible mass that makes angles 8 = 30.0° with both
wall and beam. Find the horizontal component of the force of the hinge on the beam

Figure 4
A) 96.1 N
B) 66.1 N
C) 413N
D} 23'5 N Auais of Rotation
E) 873N + =
Ans:
l I
Fpl — Esinﬁ-:]"mg =0
sin60° x 222 -
Fy, = > =96.1N lsin(60°)
mg
171, Final, Q13
Q14.
Aluminum Rod 1 has a length L and a diameter d Aluminum Rod 2 has a length 2L
and a diameter 2d When Rod 1 1s under tension T'and Rod 2 1s under tension 2 T. the
changes in lengths of rods 1 and 2 are AL1 and ALj. respectively. Which one of the
tollowing 1s TRUE?
A) AL2= AL
B) AL2=2 AL1
C) ALi=2Ala
D) AL1=4AL>
E) AL:=4ALs
Ans:
T L 2T 2L
JT T, '
Edz AL, Eﬁz'fﬂz AL,
: * 1 AL, = AL
— e — =
AL, 4AL, : . 171, Final, Q14
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QI5.

In Figure 5, a 10 kg sphere 1s supported on a frictionless plane inclined at angle 6 =
45° from the horizontal. Angle ¢ 1s 25°. Calculate the tension in the cable.

A) 76N Figure 5
B) 35N
C) 48N
D) 52N
E) 15N

Tcosd

Ans:
Tcos® = mgsind

_ mgsind

cosP

_10x98 sin(45°) — 76 N 171, Final, Q15
cos(25°)

Q17.

One end of a plastic rope, of length 45.0 m and radius 3.50 mm, is fixed to a
ceiling while the other end is free. Its length increases by 1.10 m when a mass of
65.0 kg 1s attached to its free end. What is Young’s modulus for plastic?

A) 6.78x10% N/m?
B) 4.69x10% N/m”
C) 6.25x10% N/m?
D) 2.83x10% N/m?
E) 8.54x10% N/m?
Ans:
F AL

—=EF-—
A L
F-L mgL 65 X 9.8 x 45

E: = =
A-AL mr2-AL mX(35)2x106x1.1

= 6.78 x 108 N/m?

163, Final, Q17
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QIS.

A umform beam has a weight of 120 N, and 1s supported as shown in Figure 6. What
1s the magnitude of the force by the pin on the beam?

Figure 6
A) 715N
B) 94N
C) 88N
D) 63N
E) 90N
Ans:
L
ZTn = 0: W-§=T-L'sinﬂ
T = wo_ 120 _ 75.1N F
" 2sin 2 xsin53 NV E T
I
4 SN
ZF_,t = 0: Fy = Tcos = 45.2 N 0 'rpH l
_ W W W
ZF},=G: Fy = +W —Tsinf =W ——=—-=60N
= F =,/(45.2)? + (60)> = 75N ]
V(#52)% + (60) 163, Final, Q15
Q16.
A traffic light hangs from the structure shown m Figure 7. The uniform rod AB 1s 4.50
m long and has a mass of 5.00 kg. The mass of the traffic hight 1s 10.0 kg Determune
the magnitude of the tension in the
honizontal massless cable CD. Fioure 7 .
A) 121 N f —_—
B) 160 N
C) 910N 2.75m
D) 100 N
E) 145 N
Ans: - FA

ZTA =0:

5x9.8x 2.25 x sin37° 4 10 x 9.8 X 4.5 x sin37° = T x 3.44 x sin53°

=T=121N 163, Final, Q16
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Ql1.

Take the bulk modulus of the sphere B = 2.8x10'° N/m’.

A) 6.4x107 N/m?
B) 6.4x10° N/m’
C) 1.2x10" N/m?
D) 1.2x10° N/m?
E) 5.7x10' N/m’
Ans:
B=3av

%

—BdV—28x1010><O'23—64><107N z
P=5y =< 100 /m

What increase in pressure is necessary to decrease the volume of a sphere by 0.23%7

162, Final, Q11

Prepared by Abul Lais/Dr M.A. Gondal



Ql2.

In Figure 4, a force F keeps a block of weight mg in static equilibrium. Considering all
pullies as massless and frictionless find the tension 7on the upper cable.

Figure 4
A) 1.3 mg
B) 2.1 mg
C) 0.50 mg
D) 3.2 mg
E) 027 mg
Ans:
T,2R=TR
/
I T
272
T'R = T,2R
T"-2R=T-'R T T
I, T = 2T,
T'= !
T2 P T
T2 4 ~
7
r
T,+ T,=mg
T N T
—+ —=mg
4 2 ) |
3T = 4mg
block
T=§mg=13mg l
mg

162, Major 3, Q12
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Ql4.

In Figure5, a man leans against a vertical wall that has negligible friction. Distance
a=0.91 m and distance L= 2.1 m. His center of mass is at distance d= 0.94 m from the
feet-ground contact point. If he 1s on the verge of sliding, what 1s the coefficient of static
friction between his feet and the ground?

A) 0.22
B) 0.42 Figure 5
C) 0.64
D) 0.12
E) 0.34
Ans:
. FS
Torque equation D P
mgdcos@ = Fy, - /L% — a?
- x
mgd a F
Force equations,
Fs = Fy,
Fy1 = mg
Fs = Fy1 - ps
_ Fs  Fy,  mgda I ad B
b= " mg IVIZ—az mg LV —az 162, Major 3, Q14
QI5.
A rod 5.0 cm in diameter projects 6.0 cm from a wall as shown in Figure 6. An object of
mass m= 1.2+10* kg is suspended from the end of the rod. The shear modulus of the rod
is 3.0210'° N/m?. Neglecting the rod’s mass, what is the vertical deflection of the end of
the rod.
Figure 6
A) 1.2x10° m
B) 2.4+10° m
C) 3.1%10° m
D) 5.4+10° m
E) 6.2%10° m
Ans:

_F/A_F 1

~AlJl mR? Al

Fol 1.2 % 103 x 9.8 x 6 x 1072
7TR?2 ¢  13.4x25x 1072 x 3 x 1010

Al =

Al=12%x10"°m

162, Major 3, Q15
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Ql2.

What 1s the applied pressure to a solid copper cube in order to reduce its volume to 40
% of the original volume? The bulk modulus of copper is 1.4x10'"! N/m?.

A) 8.4x10" N/m?

B) 5.6x10'° N/m?

C) 3.5x10" N/m?

D) 2.3x10" N/m?

E) 1.4x10" N/m?
Ans:

P=B = = 1.4 x 10" xﬂ: 8.4 x 101 N/m?
Y% 100 161, Final, Q12
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Qis.

A uniform beam with a weight of 60.0 N and a length of 3.20 m is hinged at its lower end,

and a horizontal force F of magnitude 50.0 N acts at its upper end, as shown in Figure 9.
The beam is held vertical by a cable that makes an angle 6 = 25.0° with the ground and is

attached to the beam at height h = 2.00 m. What is the tension in the cahle?

Figure 9
A) 883N gy

B) 27.4N 4
C) 44.1N
D) SO.ON |_ Peam
E) 613N x

The system is in equilibium then ty = 0

—Fl+ TcosBh =0 0

X 3.
_ Fl =50 32%88.3!@
hcos25 2cos25 161, Major 3, Q13

Qi14.

A rod that is 4.0 m long and 0.50 cm? in cross-sectional area is attached to a ceiling from one
end. It stretches 0.20 cm by hanging a block to the other end. If Young’s modulus for this rod
is 2.0x10" N/m?, what is the weight of the hanging block? (Neglect the weight of the rod)

A) 5.0x10°N
B) 5.1x10°N
C) 8.0x10°N
D) 2.0x10°N
E) 2.1x10°N

==

3 Stress 3
"~ Strain AL

Y

-

_ Y x AxAL

W= —1 - 50x 10°N 161, Major 3, Q14
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Qls.

A uniform shelf of weight 50.0 N and length 60.0-cm is supported horizontally by two
vertical wires attached to the sloping ceiling (see Figure 10). The lengths of wires A and B are
25.0 cm and 75.0 cm, respectively. A 25.0-N object is placed on the shelf midway between
the points where the wires are attached to it. What are the tensions Ta and Ts in wires A and
B, respectively?

Figure 10
A) Ta=25.0N,Tg=50.0N i -
B) Ta=75.0N,Tg=75.0N Ceiling
C) Ta=25.0N,Tg=75.0N
D) Ta=27.0N,Te=25.0N oner |200em
E) Ta=50.0N,Ts=50.0N : .
Ans: I l

. 1y Shelf

The system is at equilibrium

,=0=> Tgx04-W; x03-W,x02=0
W, is the weight of shelf
W, is the weight of object

_Wix03+Wpx02
5 0.4 -
D F=0
Ta= W, +W, —Tg =50+ 25—-50=25N 161, Major 3, Q15
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Q15.

A uniform beam, of length 7.60 m and weight 375 N., is carried by two persons (A and
B). as shown in FIGURE 7. Determine the magnitude of the force that each person

exerts on the beam. ‘
AL Figure 7 o
A) Fa=147N, Fp=228N g
B) Fa=241 N, Fg= 134N ———
C) Fa=134N. Fp=241 N m ,
D) F4=228N. Fg=147TN = B .4 N
E) F4=188N, Fz=188 N | elom 200 m -+
Ans: Fa Fg
M
Zro =0:—(Wx28)+Fgx46=0 .—I‘”m
° '
Fp = 8w _ 228 N w
B 46 ”'T"‘

No need to look at the rest of the answers!

153, Final, Q15

Q16.
A rod. of length 1.5 m and radius 4.8 mm, 1s hung vertically to a ceiling. A box of mass
85 kg 1s attached to the free end of the rod. stretching it by 2.5 mm. What is Young’s
modulus of the rod?
A) 6.9x10° N/m’
B) 2.9x10° N/m?
C) 3.7x10° N/m?
D) 1.5x10° N/m’
E) 4.3x10° N/m?
Ans:
F _E AL
AT L
£ F-L F-L mgL 85x9.8x 1.5

TA-AL mw2-AL Tr?AL nx (48x10 3)2x25x 103

153, Final, Q16

= 6.9 x 107 N/m?
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[QI13.
Figure 6 shows a picture P hanging by two strings making angle 6 = 30° with the dashed
horizontal line. If the magnitude of the tension force 7 of each string is 20 N, then the
weight of the picture is:

Figure 6
A) 20N
B) 10N
C) 17N 4 T
0 0
D) 40N - == -l= -

E) 25N P

Ans:
2TsinB =W

@(20)(5) =W

20N=W

152, Major 3, Q13

Q1l4.
A steel wire 2.3 mm in diameter with one end fixed to a ceiling stretches by 0.030%
when an object is suspended from its other end. If the steel Young Modulus is 200<10°
N/m?, then find the mass of the suspended object.

A) 25kg

B) 21kg

C) 17kg

D) 29kg

E) 15kg
Ans:

F_EaL
UL

AL
T =0.03x 1072

> m = 25kg 152, Major 3, Q14
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Ql5.

A traffic light hangs from a pole AB as shown in Figure 7. The uniform aluminum pole
AB 1s 7.20 m long and has a mass of 12.0 kg. The mass of the traffic light 1s 21.5 kg.
Find the tension 1n the horizontal massless cable CD

A) 408 N
B) 328N
C) 570N
D) 370N
E) 608

Ans:
Lap _
Wy X Lygcost + WpoleTCOse = TCA

= T =408N

3.80 m

Figure 7
C P
________________________________________ —
375\
< iy b
& dl
V4 Ot
A7
V. 4 a1
///
///'
o
A
o4
A g
_d

152, Major 3, Q15

Prepared by Abul Lais/Dr M.A. Gondal




Q13.

Ans:

A weight W = 100 N is supported by attaching it to a vertical uniform metal rod by a
thin cord passing over a massless frictionless pulley. as shown in Figure 9. The cord
is attached to the rod 40.0 cm below the top of the rod. The rod has a length of 1.70 m
and its top i1s connected by a thin wire to a vertical wall. If the system is in

equilibrium, what is the magnitude of the tension in the wire?

A) 127N
B) 95.8N
C) 39.1N
D) 29.5N
E) 166N

Y. Tp = 0: where point Ois the hinge

W x13=T x 1.7 xsin37°

=T=127N

151, Major 3, Q13

Figure 9

Ql4.

Ans:

Consider the assembly shown in Figure 10. where four objects are held in equilibrium
by horizontal massless rods. What is the weight of ball C?

A) 80N
B) 3.0N
C) 15N
D) 9.0N
E) 1SN

24
6x4=8A—rA=?=3N

45
5x9=3B —'B:?ZLSN

48
2xX24=6C — =?=8N

Figure 10

2.0 cml 6.0 con

30cm| 50cm é
(,15 0 cm
S’

4.0 cm 8.

Jen @

151, Major 3, Q14
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QI5.

A wire has a length of 2 m, a cross sectional area of 0.01 ¢cm”, and is made of a

. . 10 , 2 N ~ . .
material whose Young modulus 1s 5x10° N/m~. A force of 50 N 1s applied
perpendicular to the cross section of the wire. What is the change in the length of the
wire?

A) 2mm

B) 3mm

C) 1 mm

D) 4 mm

E) 5mm
Ans:

F_E AL
7=

L
-L_ 50 x 2
-A_

F —
AL = E 5% 1010 x 0.0L x 10-% 2x107m 151, Major 3, Q15

Prepared by Abul Lais/Dr M.A. Gondal




